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由 β-1，3- D-半乳糖和 α-1，4-D-半乳糖为基本骨架，交替连接所形成的线性硫
酸多糖，主要分为三类：λ-(Lamda)型、ι-(Iota)型和 κ-(Kappa)型。卡拉胶的降解
产物寡糖具有广泛的生物活性，如免疫调节、抗凝血、抗肿瘤、抗病毒等作用。 

















glucose 和 CaCl2 浓度分别是 1.05 g/L，14.73 g/L 和 1.35 g/L。最优培养基配方如
下： 1.05 g/L ι-卡拉胶，14.73 g/L 葡萄糖， 1.35 g/L CaCl2， 10 g/L 酵母粉，0.15 
g/L 柠檬酸铁，4 g/L MgSO4，0.06 g/L SrCl2， 0.06 g/L K2HPO4。优化后，菌株
KL-A 生长的第 72 小时单位干重酶活达到最大值 925.2 U/g CDW，是在基础培养
















化培养基中菌体干重是基础培养基中的 2.4 倍。本文是首次对 Cellulophaga 属细
菌通过响应面优化培养基提高 ι-卡拉胶酶产量，且产酶能力显著提高。 
通过微生物全基因组测序，从 Cellulophaga sp. KL-A 基因组全序列中初步发
现卡拉胶酶，琼胶酶基因相关的 8 个 ORF，但没有发现琼胶酶活性，鉴于前期
实验中菌株高效的降解 ι-卡拉胶，所以对其 ORF 的序列中的两个 ι-carrageenase
基因克隆表达，并对其酶学性质和降解产物进行了研究。克隆得到的 CgiA2_Ce
基因序列全长 1476bp，编码一个由 491 个 aa 残基组成的蛋白 CgiA2_Ce。在线
预测蛋白分子量大小为 53.55kD，预测等电点为 9.46。使用 pET-32a (+)载体构建
了 CgiA2_Ce 表达载体，重组质粒转入 E.coli BL21 (DE3)表达宿主菌中，成功构
建重组工程菌，镍柱亲和层析纯化，得到 ι-卡拉胶重组酶 CgiA2_Ce。 
对 ι-卡拉胶重组酶 CgiA2_Ce 的底物特异性的研究发现，重组酶 CgiA2_Ce
只能够专一性的降解 ι-卡拉胶。该酶的最适反应温度为 40℃，在 37-43℃之间酶
的相对活性保持在 80%以上，在温度 40℃或以下，放置 1h，仍然能够保留其最
大活力的 80%以上。最适反应缓冲液体系为 Tris-HCl buffer pH7.5。且重组酶展
现了较广的 pH 耐受性，pH6.5–8.0 范围内能保持最大活性的 70%以上。金属离
子K+和Mg2+对酶活力有轻微促进作用，而Na+和Ca2+有明显促进作用（34%-57%）。
根据双倒数作图法对米氏常数的测定，得出当以 ι-卡拉胶为底物时，得到的 Km
和 Vmax 值分别为 0.93 mg/mL 和 573.5U/mg。较小的米氏常数值 Km 和较大的

























Carrageenans are gel-forming linear sulfated galactans extracted from the 
extracellular matrix of red marine algae. They consist of linear chains of 
galactopyranose residues linked by alternating α-1,3 and β-1,4 linkages. Based on the 
number and position of sulfate substitutions, carrageenans are mainly classified into 
three types:κ-, ι-, and λ-carrageenans. Sulfated oligosaccharides from marine algae 
have diverse biological and physiological activities, including anticoagulation,  
anti-inflammation, anti-thrombosis, anti-tumor activity, and viral inactivation, which 
depend on structural parameters such as carbohydrate structure, molecular mass, 
degree of sulfate esterification, and the linking position of sulfo groups. Therefore,  
degraded carrageenans have drawn considerable interest. 
  As a polysaccharide hydrolase,carrageenase degrades carrageenan to mainly even 
carrageenan oligosaccharides by β-1, 4 glycosidic bond.Most of reported carrageenase 
belongs to glycohydrolase family. The structure, function, substrate specificity studies 
of different types of carrageenase have important theoretical and practical value. 
Further, the carrageenase can also be used in the research of the relationship between 
sulfate groups structure and function, and also has its significance in carrageenan 
oligosaccharides’ industrial applications and bacterial metabolism of carrageenan. 
And for the mild conditions and substrate specificity of the enzymatic degradation, 
carrageenase can solve the shortcomings of difficult to control, oligosaccharides 
heterogeneity in the traditional chemical and physical degradation.  
  Our laboratory separated eight carrageenan and agar degrading bacteria from the 
coastal waters of Dongshan Island, aquaculture seawater and red algae. According to 
the size of the clear zone on the plate and enzyme activity of fermentation broth, 
No.KL-A strain was found to have good specificity degradation ι-carrageenan 
capacity. After the 16rRNA sequencing of the strain KL-A, it be attributed to 
















application of strains, response surface medium(RSM) optimization was used to 
improve the carrageenase production of the strains.  
  By the early single factor experiments and the fermentation medium components of 
related marine bacteria, we used RSM to find the most suitable components of the 
fermentation medium for enzyme production. ι-carrageenan, glucose and CaCl2 
concentrations were proved to have remarkable effects on carrageenase activity. 
Optimal medium as follows: 1.05 g/L ι-carrageenan, 14.73 g/L glucose, 1.35 g/L 
CaCl2, 10 g/L yeast extract, 0.15 g/L ferric citrate, 4 g/L MgSO4, 0.06 g/L SrCl2, 0.06 
g/L K2HPO4. After RSM optimization, the strain KL-A reach the maximum activity of 
925.2U/g cell dry weight(CDW) at 72 hours of the growth period, which is 20.6 times 
the enzyme activity value in the base medium and 9.6 times enzyme activity value in 
optimization of carbon and nitrogen sources. Meanwhile, optimization medium cell 
dry weight is 2.4 times the basal medium. This article is the first response surface 
medium optimization ι-carrageenase for Cellulophaga sp., and significantly increased 
the enzyme production capacity. 
  By genome sequencing, we preliminarily found 8 ORFs carrageenase or agarase 
gene-related from Cellulophaga sp. KL-A. Because of the strain KL-A efficient 
degradation ι-carrageenan in preliminary experiment, we cloned and expressed the 
two ι-carrageenase of ORFs sequences, then studied the enzymatic properties and the 
degradation products. The cgiA2_Ce gene contain 1476bp full-length gene sequence, 
encoding a 493 aa residues of the protein. Protein molecular size predicted online is 
53.55kD, with isoelectric point of 9.46. The recombinant plasmid pET-32a-CgiA2_Ce 
was transformed into E.coli BL21(DE3) expression host. The His-tagged recombinase 
CgiA2_Ce was purified with Nickel-affinity chromatography column. 
  The recombinant ι-carrageenase CgiA2_Ce can specificially degrade ι-carrageenan. 
The optimum temperature of the enzyme is 40℃, the relative enzyme activity 
between 37-43℃ maintained above 80%, it still retains more than 80% of the 
maximum at a temperature of 40℃ within 1hr. The optimum reaction buffer system 
















range, to maintain more than 70% of the maximum activity in the pH 6.5-8.0 range. 









 significantly promoted (34% -57%). Based on the measurement of the 
double-reciprocal plots to the Michaelis constant, Km and Vmax values were obtained 
in 0.93 mg/mL and 573.5U/mg. The smaller Km and larger Vmax of Michaelis 
constant values indicate that ι-carrageenan is a better kinetics substrate to the 
recombinant ι-carrageenase CgiA2_Ce. 
  A rapid reduction of ι-carrageenan polysaccharide accompanying an increase of 
oligosaccharides with various degrees of polymerization(DPs) by TLC and TOF-MS 
analysis, indicated that CgiA2_Ce was an endo-type hydrolase, and end products of 
the degradation are mainly disaccharide and tetrasaccharide. Endo-type carrageenase 
can degraded high molecular weight carrageenan to low molecular weight and low 
viscosity oligosaccharides. In the future, a single oligosaccharide of low 
polymerization degree or some oligosaccharides of high polymerization degree are 
expected by hydrolysis precess control. 
Keywords：Cellulophaga sp. KL-A，carrageenan，ι-carrageenase，Carrageenan 
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